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Description 

The present invention relates to a bio-sensor for 
measuring the substrate concentration of a liquid 
sample, which makes it possible to determine the 
particular component of various biological 
samples with ease, rapidity and high precision. 

in recent years, various kinds of bio-sensor 
based on the specific catalytic action of an 
enzyme have been developed, and particularly, 
their application in clinical inspections is being 
tried. Since inspection items and the number of 
specimens are increasing, bio-sensbrs which 
enable rapid and high-precision measurement are 
demanded. 

A glucose sensor will be taken as an example. 
In view of the remarkable increase of diabetes, for 
measurement and control of blood sugar in 
blood, there is a demand for sensors applicable to 
tests on whole blood, because it takes a very long 
time to centrifuge blood and measure the 
separated plasma as conventionally carried out A 
simple sensor is available. Like the test paper 
used for urinalysis, this sensor comprises a stick- 
form support and a carrier put on the support 
containing an enzyme which will react with glu- 
cose only and a dye which will change itself oh 
enzyme reaction or by the product of the reaction. 
Blood is added to the carrier, and a change in the 
dye after a definite period of time is measured 
visually or optically. But, the measurement is 
largely disturbed by dyes in blood, so that its 
precision is low. 

From GB— A— 1318815 a bio-sensbr for 
measuring the substrate concentration of a liquid 
sample is known, which sensor comprises an 
insulating substrate plate provided with an elec- 
trode system containing at least a working elec- 
trode and a counter electrode, the electrode 
system being covered by a substrate permeable 
to liquid and containing an enzyme capable of 
inducing a substrate reaction, which is elec- 
trochemicaiiy detectable by means of the elec- 
trode system, as indicated in the pre-characteriz- 
ing portion of appended claim 1. this bio-sensor 
uses a semi-permeable membrane, which con- 
tains immobilized urease. After contacting the 
sensor with an urea-containing sample, the liquid 
diffuses into the membrane, where the urea is 
broken down by the urease into ammonia and 
carbon dioxide. Ammonia reaction with water 
leads to the formation of ions, the presence of 
which modifies the conductivity. This conduc- 
tivity change is detected by the electrode. 

This sensor requires the presence of an 
additional electrode to compensate the conduc- 
tivity change. The sensor shows relatively long 
reaction times, both due to the semi-permeable 
character of the membrane and the immobiliza- 
tion of the enzyme. High substrate concentrations 
cannot be reliably determined. 

The multi-layer analytical carrier as shown in 
Fig. 1 was proposed (Japanese Utility Model 
Opening (Kokai) No. 178495/1979). This carrier 
has a laminated structure wherein a reagent layer 



2, a developing layer 3, a water-proof layer 4 and 
a filter layer 5 are placed one upon another in this 
order on a transparent support 1. When a blood 
sample is dropped on to the carrier, the blood is 

5 first freed from its solid components such as red 
blood cells, blood platelets, etc. on the filter layer 
5, uniformly diffuses into the developing layer 3 
through small pores in the water-proof layer 4 
and comes into reaction in the reagent layer 2. 

w After completion of the reaction, light is passed 
through the transparent support in the arrow 
direction to measure the substrate concentration 
spectrdanalytically. Although this carrier is com- 
plicated in structure as compared with the con- 

is ventional sample stick-form carrier, an improve- 
ment in precision was attained by removing 
blood cells, etc. Nevertheless the penetration and 
reaction of blood take a long time, so that the 
water-proof layer 4 is needed for preventing the 

20 sample from drying, and it is necessary to incu- 
bate at high temperatures for accelerating the 
reaction, which requires complicated apparatus 
and carrier. 

Thus, ah electrode method combining an 
25 enzyme reaction with ah electrode reaction was 
developed as a simple method of good precision. 
Since there is no disturbance of colored sub- 
stances in the electrode rhethod, the liquid 
sample can be used as it is without necessity for 
30 pre-treatment, and therefore, the measurement 
became simple and precision was improved. A 
glucose sensor will be taken as an example. A 
flow-type sensor was developed as shown in Fig. 
2, in which a liquid sample* e.g. blood or urine, is 
35 added to the sensor while applying a definite 
voltage to a glucose oxidase immobilized elec- 
trode 6 and passing a buffer solution 7 through a 
conduit 8 made of insulating materials such as 
acrylic resin; glucose in the sample reacts with 

40 the immobilized glucose oxidase to produce 
hydrogen peroxide which is then oxidized at the 
electrode 6 to generate a current; and the glucose 
concentration of the sample can be detected by 
measuring the strength of the current The sensor 

45 of this type enables as many specimens as 200 to 
300 per hour to be measured with rapidity and 
high precision, but the apparatus becomes large 
in size. The so-called batch-type sensor as shown 
in Fig. 3 was thus developed, in which a glucose 

so oxidase immobilized electrode 11 is placed in a 
vessel 10 which is then filled with a buffer sol- 
ution 12, and a liquid sample is added to the 
solution while stirring with a stirrer. Sensors of 
this kind are known from Patent Abstracts of 

ss Japan, Vol. 4, No. 39 and Vol. 6, No. 188, and 
corresponding publications JP— A— 55-10584 and 
J P— A— 57-98853. The size of apparatus could be 
made fairly small by using this type, but there 
occurred problems that a stirrer is essential, and 

60 that foaming and turbulent flow are caused by 
stirring to exert an adverse effect on the precision. 
Also, there was a necessity to exchange the buffer 
solution and sometimes wash the electrode, and 
besides, because of the liquid sample being 

65 diluted with the buffer solution, precision was 
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required for the amounts of buffer solution and 
liquid sample. 

Thus, for simple measurement, a dry 
measurement-form sensor requiring no stirring 
apparatus is demanded, providing high precision 
at short reaction times. 

The bio-serisor of the present invention is com- 
posed of an insulating substrate plate and an 
electrode system comprising a working electrode 
and a counter electrode put thereon, said system 
being covered with a porous substrate compris- 
ing at least one layer containing oxidoreductase 
and the sensor further containing an electron 
acceptor, both the oxidoreductase and the elec- 
tron acceptor being soluble in the liquid sample. 
This sensor is intended to measure the concen- 
tration of substrates, e.g. urine sugar and blood 
sugar, by electrochemically detecting a reduced 
electron acceptor produced when it is impreg- 
nated with a liquid sample to carry out enzyme 
reaction, and also it is intended to measure the 
glucose concentration of fruit juices. 

By using the bio-sensor of the present inven- 
tion, measurement can be carried out by merely 
adding a liquid sample directly to the porous 
substrate without using a buffer solution. Also, 
since the sample need not be diluted, there is no 
necessity to determine the sample and besides a 
trace amount of the particular component of the 
sample can be measured with simplicity and high 
sensitivity. 

Fig. 1 is a typical view illustrating one embodi- 
ment of the conventionally used glucose sensors. 
Figs. 2 and 3 are typical views illustrating the 
conventional glucose sensor using an 
immobilized enzyme electrode. Fig. 4 is a typical 
view illustrating one embodiment of the bio- 
sensor of the present invention. Figs. 5 and 6 
show the response characteristics of the bio- 
sensor shown in Fig. 4. Figs. 7, 8 and 9 are typical 
views illustrating other embodiments of the bio- 
sensor of the present invention. 

Example 1 

Fig. 4 is a typical view illustrating one embodi- 
ment of a glucose sensor. Pieces of platinum wire 
of 1 mm in diameter were buried in an insulating 
substrate plate 19 made of a polyvinyl chloride 
resin to prepare a working electrode 20, counter 
electrode 21 and reference electrode 22, and 
nylon non-woven fabric 23 was put on the fore- 
going electrode system so as to cover the system. 
This nylon non-woven fabric 23 was prepared as 
follows: 100 mg of glucose oxidase and 150 mg of 
potassium ferricyanide are dissolved in 1 ml of a 
phosphate buffer solution (pH 5.6), and nylon 
non-woven fabric is impregnated with the sol- 
ution thus prepared and dried at room tempera- 
ture. 

A standard glucose solution, a liquid sample, 
was added to the nylon non-woven fabric 23 and 
after allowing the solution to well penetrate into 
the fabric, voltage was applied to the working 
electrode 20 with the reference electrode 22 as 
standard and varied at a rate of 0.1 V/sec so that it 



drew a saw-toothed line between 0 V and +0.5 V. 
When the added glucose is oxidized by glucose 
oxidase 24 carried on the nylon non-woven fabric 
23, potassium ferricyanide 25 is reduced by 

s enzyme/dye conjugation reaction to produce 
potassium ferrocyanide. On oxidizing the 
potassium ferrocyanide by sweeping voltage 
applied to the working electrode 20, anodic cur- 
rent flows. This anodic current is directly pro- 

w portional to the amount of dye Changed, and 
when the dye is present in sufficient amounts, 
since said amount corresponds to the substrate 
concentration, the concentration of glucose, the 
substrate, can be detected by measuring the 

is strength of the anodic current. The relationship 
between the strength of the peak current obtained 
and the concentration of glucose added showed a 
very good rectilihearity in the range of up to 500 
mg/dl as shown by A in Fig. 5. The nylon hbh- 

20 woven fabric 23 was exchanged at every 
measurement, but reproducibility was good. 
Also, the amount of the standard glucose solution 
added was varied from 20 ul to 140 pi, but a 
definite value was obtained independently of the 

25 amount of the solution as shown by C arid D in 
Fig. 6 when the glucose concentration was defi- 
nite. 



Example 2 

30 The electrode system used in Example 1 was 
covered at the upper surface with nylon non- 
woven fabric carrying glucose oxidase only, and 
then measurement was carried out in the same 
manner as in Example 1 with dropwise addition of 

35 the standard glucose solution. In this system, 
oxygen contained in air and the liquid sample is 
used as the electron acceptor; when glucose 
reacts with glucose oxidase, hydrogen peroxide is 
produced in an amount corresponding to the 

40 glucose concentration and oxidized at the surface 
of the electrode; and the strength of anodic 
current generated by the oxidation is measured to 
obtain the glucose concentration. The peak of the 
current obtained, as shown by B in Fig. 5, showed 

45 a rectilinear rise up to 300 mg/dl but little or no 
rise at higher concentrations than this, the reason 
for this may be insufficient supply of oxygen 
when the substrate concentration is high. But 
measurement was possible at low concentrations 
so of the substrate. 

Example 3 

Fig. 7 is a typical view illustrating another 
embodiment of the glucose sensor of the present 

55 invention. As shown in Example 1, measurement 
can stably be carried out if a three-electrode 
system comprising a working electrode, a counter 
electrode and a reference electrode is used, but it 
can also be carried out with a two-electrode 

60 system comprising a working electrode and a 
counter electrode. Platinum was buried in an 
insulating substrate plate 26 made of a polyvinyl 
chloride resin to prepare a working electrode 27 
and counter electrode 28. To stabilize the poten- 

65 tial, the area of the counter electrode 28 was 
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made at least more than two times as large as that 
of the working electrode 27. In the same manner 
as in Example 1, this electrode system was 
covered at the upper surface with nylon non- 
woven fabric 29 carrying glucose oxidase 30 and s 
potassium ferricyanide 31, and measurement was 
carried out with drbpwise addition of the standard 
glucose solution. It was found that the reproduci- 
bility was slightly poorer than in Example 1, but 
that glucose concentrations of up to 500 mg/dl w 
could be measured. A silver/silver chloride (Ag/ 
AgCI) counter electrode was used in place of the 
platinum one 28, and it was found that the 
potential was stabilized, and that measurement 
could be carried out with good reproducibility if 15 
the area of this electrode was made equal to that 
of the electrode 27. 

Example 4 

Fig. 8 is a sensor comprising an insulating 20 
substrate plate 32 made of a polyvinyl chloride 
resin and a working electrode 33, counter elec- 
trode 34 and reference electrode 35 in a thin film 
form which were produced from platinum on the 
substrate plate by spattering. On these electrodes 25 
was placed the same nylon non-woven fabric 
carrying the enzyme and oxidizing dye as used in 
Example 1 so as to cover the region shown by the 
dotted line. Thereafter, response to the standard 
glucose solution was measured in the same 30 
manner as in Example 1 to obtain the same good 
response as in the electrode system in Fig. 4. 
Next, measurement was repeated using the stan- 
dard glucose solution of the same concentration 
as well as the electrodes and nylon non^woven 35 
fabric newly exchanged at every measurement, 
and as a result, a very good reproducibility was 
obtained. Consequently, if the electrodes are pro- 
duced by spattering or vacuum deposition as in 
this example, electrodes having the same 40 
response characteristics and any desired shape 
can be produced in large amounts, and by cover- 
ing the electrodes with a porous substrate carry- 
ing enzyme and oxidizing dye, high-performance 
bio-sensors which can be disposed after use, can 45 
be provided. 

Example 5 

Fig. 9 is a typical view illustrating one embodi- 
ment of a glucose sensor. Platinum is buried in an so 
insulating substrate plate 36 made of a polyvinyl 
chloride resin to prepare a working electrode 37, 
counter electrode 38 and reference electrode 43. 
Nylon non-woven fabric 39 is placed on the 
electrode system comprising these electrodes so ss 
as to cover the system. This nylon non-woven 
fabric 39 is prepared through the same dissolu- 
tion, impregnation and drying steps as in 
Example 1, and it carries glucose oxidase 40 
(oxidoreductase) and potassium ferricyanide 41 60 
(oxidizing dye), which works in conjugation with 
oxidoreductase, in a dry form. On the upper 
surface of the fabric 39 is placed a filter layer 42 
comprising porous polycarbonate (pore diameter, 
1 pm), eg 
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On adding blood (whole blood) to this sensor, 
large particles in blood such as red blood cells 
were filtered off on the filter layer 42, and glucose 
in the blood came into reaction at the reaction 
layer comprising the nylon non-woven fabric 39 
in the same manner as in Example 1, whereby the 
glucose concentration could be detected by the 
electrode system. That is, from the strength of the 
current obtained, the glucose concentration could 
be detected based on a calibration curve pre- 
viously prepared with a standard glucose soJ- 
ution. The current strength and glucose concen- 
tration showed a good correlation as compared 
with the conventionally used types of glucose 
sensor. The reaction layer comprising the enzyme 
arid oxidizing dye and the filter layer were 
exchanged at every measurement, but the repro- 
ducibility was good in either sample of standard 
glucose solution arid blood. Also, the amount of 
blood added was varied from 20 pi to 140 pi, but 
the amount of glucose showed a definite value 
independently of said amount since the dye and 
enzyme were present in sufficient amounts. 

By using a porous substrate of polycarbonate 
as the filter layer 42, blood cells and viscous 
substances present in blood could previously be 
removed, and as a result, stains on the electrode 
could be decreased. Without the filter layer, blood 
cells adhered to the electrode during a long-term 
use, lowering the strength of current obtained, so 
that there was the necessity to wash the electrode 
with alcohol. But, by using the filter layer, it 
became possible to maintain the response with 
good reproducibility by merely washing the elec- 
trode with water. Also, it was found that the 
porous substrate which was useful to the above 
object was a one having a pore diameter within 
about 3 pm. Further when the porous substrate of 
polycarbonate was used after dipping in a 1% 
aqueous solution of surface active agent, e.g. 
polyethylene glycol alkylphenyl ether (trade 
name: Triton X) and drying, filtration of blood 
became very fast with further improved repro- 
ducibility. Hitherto, there was a problem that, 
since blood is fairly viscous, its filtration rate is 
low. But, by using a filter layer previously treated 
with surface active agents, filtration became fast 
and also reaction with enzyme arid dye proceeded 
rapidly and uniformly to come to an end in as 
short a time as only about one minute after 
addition of a test sample. When the surface active 
agent was not used, it took about 1.5 minutes for 
the reaction to come to an end after addition of 
blood, and therefore the effect of the surface 
active agent to accelerate the measurement was 
large. 

As the surface active agent, polyoxyethylene 
glycerin fatty acid esters, polyoxyethylene alkyl 
ethers, polyethylene glycol fatty acid esters and 
the like can be used in addition to the foregoing 
example. By previous treatment of not only the 
filter layer but also the dye and enzyme with the 
surface active agent, the rates of filtration and 
penetration became fast, accelerating the 
measurement. 
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The reaction layer comprising the oxidizing dye 
and enzyme is preferably a hydrophilic porous 
membrane so that it can absorb the liquid sample 
rapidly to advance the enzyme reaction. For 
example, when filter paper, non-woven fabric of 
pulp, porous substrate of ceramic or glass, etc. 
were used in addition to the nylon non-woven 
fabric, penetration of the liquid sample was quick 
and uniform, and reproducibility was also good. 
Further, the rate of penetration of the sample into 
the above porous membrane was larger in the 
membrane pfe-treated with the foregoing surface 
active agent than in the untreated membrane. The 
filter layer having an effect to accelerate the 
measurement may be placed on the electrode or 
the upper surface of the reaction layer. Pene- 
tration of the liquid sample was fastest when the 
filter layer was placed below the reaction layer, 
and the reaction time was also short When the 
filter layer was placed on the reaction layer, there 
resulted an advantage in that the reaction pro- 
ceeded smoothly and a high precision was 
obtained since the solid component of blood was 
filtered off so that there was no disturbance by 
blood cells, etc. in the reaction layer. For the filter 
layer, use of non-woven fabrics, chemical fibers, 
paper (filter paper), etc. was thought of. The solid 
components of blood cells could completely be 
filtered off by using membrane filters having a 
pore diameter of less than about 2—3 urn. Also, 
filtration could be carried out stepwise by 
laminating the membrane filter layer with the 
foregoing non-woven fabric, chemical fiber, 
paper or the like. 

In the above sensor, various methods could be 
employed to carry glucose oxidase (enzyme) and 
potassium ferricyanide (dye). For example, it was 
possible to laminate two pieces of nylon non- 
woven fabric carrying the enzyme and dye, 
respectively. In carrying potassium ferricyanide 
on nylon non-woven fabric 39, potassium ferricy- 
anide crystals on the fabric became much finer 
and more soluble in liquids by hot air-drying 
nylon non-woven fabric impregnated with a 
potassium ferricyanide solution than by drying 
the fabric at room temperature. The potassium 
ferricyanide crystal on the fabric became further 
finer when the nylon non-woven fabric impreg- 
nated with a potassium ferricyanide solution was 
dipped in an organic solvent having a great 
solubility in water, for example ethanol, and 
vacuum-dried. By carrying potassium ferricy- 
anide in a finely pulverized form, even a highly 
viscous sample such as blood completed the 
reaction within one minute with an improved 
reproducibility. Since the enzyme is poorly resis- 
tant to heat, etc., it was dried at room temperature 
after being dipped in the above organic solvent. 
Also, when both the enzyme and oxidizing dye 
are carried on one piece of porous substrate, the 
dye and enzyme could be carried in a very soluble 
form by dipping the body in ethanol and vacuum- 
drying. 



Example 6 

In Example 5, a porous membrane such as 
nylon non-woven fabric was used as a porous 
substrate, but in addition to this, inorganic 

5 carriers such as Si0 2 also may be used in the form 
of a porous substrate produced by press-molding. 
When Si0 2 was pressure-molded into a size of 7 
mm (diameter)xi mm (thickness) by 490 N/rhrri 2 
(5 t/cm 2 ) pressure, impregnated with an aqueous 

w solution containing glucose oxidase and 
potassium ferricyanide and then dried, pene- 
tration of blood into this molded Si0 2 was a little 
slower than in the nylon non-woven fabric. Since, 
however, the porous membrane of polycarbonate 

is also can be produced at the same time by 
pressure-molding, the filter layer and reaction 
layer could integrally be molded to simplify their 
production. Further, it was also possible to finely 
pulverize glucose oxidase and potassium ferricy- 

20 anide and after mixing and adding a small 
amount of Si0 2 , to pressure-mold the mixture. In 
this case, since the glucose oxidase and 
potassium ferricyanide rapidly dissolve in blood 
to form a uniform mixture, the reaction became 

25 very fast. 

Example 7 

In Example 5, blood was filtered using a filter 
layer treated with a surface active agent. In this 

30 Example, however, this treated filter layer was 
further impregnated with 10 mg/ml of a sodium 
fluoride (anticoagulant) solution and dried, and 
the procedure of Example 5 was repeated but 
using the filter layer thus obtained. As a result, 

35 blood could be filtered in only ten seconds with- 
out coagulation, and besides measurement was 
completed in as short a time as only 50 seconds 
after addition of blood. Thus, this method made a 
great contribution to acceleration of 

40 measurement. 

As the anticoagulant, sodium fluoride is suit- 
able because it is stable arid simple in handling. 
But, heparin, sodium citrate, ethyieriediamine tet- 
raacetic acid, etc. were also useful to carry out 

45 blood filtration rapidly. 

As the dye, potassium ferricyanide used, in the 
foregoing Examples is suitable because it reacts 
stably, but p-benzbquinone is suitable for acceler- 
ation because it is fast in reaction rate. Further, 

so 2,6-dichlorophenolindophenol, methylene blue, 
phehazine methosulfate, potassium P-naphtho- 
quinone-4-suifonate, etc may also be used. 

The sensors in the foregoing Examples can be 
applied to not only glucose but also systems in 

55 which oxidoreductase takes part such as alcohol 
sensors, cholesterol sensors and the tike. Glucose 
oxidase was used as the oxidoreductase, but 
other enzymes such as alcohol oxidase, xanthine 
oxidase, cholesterol oxidase, etc. may also be 

60 used. 

Possibility of application to industry: 

The bio-sensor of the present invention makes 
it possible to measure the particular component 
65 in various biological samples with rapidity, high 
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precision and simplicity, so that its utility value in 
clinical inspection is very large. 

List of symbols in the drawing: 



1 
2 
3 
4 

5,42 

6,11 

7,12 

8 

9 

10 

20, 27, 33, 37 

21, 28, 34, 38 

22, 35, 43 

23, 29, 39 

24, 30, 40 

25, 31, 41 

26, 32, 36 

Claims 



Support 
Reagent layer 
Developing layer 
Water-proof layer 
Filter layer 

Immobilized electrode 

Buffer solution 

Conduit 

Stirrer 

Vessel 

Working electrode 
Counter electrode 
Reference electrode 
Non-woven fabric 
Glucose oxidase 
Potassium ferricyanide 
Insulating substrate plate 



1. A bio-sensor for measuring the substrate 
concentration of a liquid sample, comprising an 
insulating substrate plate (19; 26; 32; 36) pro- 
vided with an electrode system containing at least 
a working electrode (20; 27; 33; 37) and a counter 
electrode (21; 28; 34; 38), the electrode system 
being covered by a substrate (23; 29; 39) per- 
meable to liquid and containing an enzyme (24; 
30; 40) capable of inducing a substrate reaction 
which is electrochemically detectable by means 
of the electrode system, characterized in that the 
substrate (23; 29; 39) is porous and contains an 
oxidoreductase (24; 30; 40), the sensor further 
containing an electrode acceptor (25; 31; 41), and 
both the oxidoreductase and the electron accep- 
tor being soluble in the liquid sample. 

2. A bio-sensor according to claim 1, charac- 
terized in that the enzyme (24; 30; 40) and/or the 
electron acceptor (25; 31; 41) is in the form of 
finely divided particles. 

3. A bio-sensor according to claim 1, charac- 
terized in that said porous substrate carries both 
said oxidoreductase (24; 30; 40) and electron 
acceptor (25; 31; 41). 

4. A bio-sensor according to claim 1, charac- 
terized in that said working electrode (20; 27; 33; 
37) comprises platinum and said counter elec- 
trode (21; 28; 34; 38) comprises platinum or 
silver/silver chloride. 

5. A bio-sensor according to claim 1, charac- 
terized in that said electrode system is composed 
of a working electrode (20; 27; 33; 37), a counter 
electrode (21; 28; 34; 38) and a reference elec- 
trode (22; 35; 43). 

6. A bio-sensor according to claim 1, charac- 
terized in that said porous substrate comprises a 
hydrophilic porous membrane. 

7. A bio-sensor according to claim 1, charac- 
terized in that said electron acceptor is oxygen. 

8. A bio-sensor according to claim 1, charac- 



terized in that said enzyme (24; 30; 40) is one 
member selected from the group consisting ol 
glucose oxidase, alcohol oxidase, xanthine oxid- 
ase and cholesterol oxidase. 
5 9. A bio-sensor according to claim 1, charac- 
terized in that, as said electron acceptor, an 
oxidizing dye (25; 31; 41) working in conjugation 
with said oxidoreductase, is used. 

10. A bio-sensor according to claim 9, charac- 
w terized in that, as said oxidizing dye (25; 31; 41) 

working in conjugation with the oxidoreductase, 
one member selected from the group consisting 
of potassium ferricyanide, p-benzoquinone, 2,6- 
dichlorophenolindophenol, methylene blue, 
is phenazine methosulfate and potassium P-naph* 
thoquinone-4-sulfonate is used. 

11. A bio-sensor according to claim i 9, charac- 
terized in that said oxidoreductase is glucose 
oxidase and said electron acceptor is potassium 

20 ferricyanide. 

12. A bio-sensor according to claim 6, charac- 
terized in that at least the oxidoreductase is 
carried oh said porous membrane in a dry state. 

13. A bio-sensor according to claim 6, charac- 
25 terized in that said porous membrane (42) has a 

pore diameter of not more than 3 um. 

14. A bio-sensor according to claim 6, charac- 
terized in that said porous substrate was pre- 
viously treated with a surface active agent. 

30 15. A bio-sensor according to claim 6, charac- 
terized in that an anticoagulant is carriedon said 
porous membrane (42). 

Patentanspruche 

35 

1. Biosensor zur Messung der Substratkonzen- 
tration einer Flussigkeitsprobe, bestehend aus 
einer isolierenden Substratplatte (19; 26; 32; 36), 
die mit einem Elektrodensystem mit zumindest 

40 einer Arbeitselektrode (20; 27; 33; 37) und einer 
Gegenelektrode (21; 28; 34; 38) versehen ist, 
wobei das Elektrodensystem von einem Substrat 
(23; 29; 39) bedeckt ist, das Flussigkeit aufrieh- 
men kann und ein Enzym (24; 30; 40) enthalt, 

45 welches zur Induzierung einer mittels des Elektro- 
densystems elektrochemisch nachweisbaren 
Substratreaktion fahig ist, dadurch gekennzeich- 
net, daft das Substrat (23; 29; 39) poros ist und 
eine Oxidoreduktase (24; 30; 40) enthalt, wobei 

so der Sensor weiterhin einen Elektronenakzeptor 
(25; 31; 41) aufweist, und sowohl die Oxidoreduk- 
tase als auch der Elektronenakzeptor in der Flus- 
sigkeitsprobe Idslich sind. 

2. Biosensor nach Anspruch 1, dadurch gekenn- 
55 zeichnet, daft das Enzym (24; 30; 40) und/oder der 

Elektronenakzeptor (25; 31; 41) in Form von fein 
verteilten Teilchen vorliegt. 

3. Biosensor nach Anspruch 1, dadurch gekenn- 
zeichnet, daft das porose Substrat sowohl die 

so Oxidoreduktase (24; 30; 40) als auch den Elektro- 
nenakzeptor (25; 31; 41) tragt 

4. Biosensor nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Arbeitselektrode (20; 27; 33; 37) 
aus Platin und die Gegenelektrode (21; 28; 34; 38) 

65 aus Platin oder Silber/Silberchlorid besteht. 
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5. Biosensor hach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Elektrodensystem sich aus 
einer Arbeitselektrode (20; 27; 33; 37), einer 
Gegenelektrode (21; 28; 34; 38) und einer Bezug- 
selektrode (22, 35; 43) zusammensetzt. 

6. Biosensor nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das porose Substrat aus einer 
hydrophilen porosen Membran besteht 

7. Biosensor nach Anspruch 1, dadurch gekenn- 
zeichnet, daB es sich bei dem Elektrbneriakzeptor 
um Sauerstoff handelt. 

8. Biosensor nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das Enzyrn (24; 30; 40) aus der aus 
Giukoseoxidase, Alkoholoxidase, Xanthinoxidase 
und Cholesterinoxidase bestehenden Gruppe 
ausgewahlt ist 

9. Biosensor nach Anspruch 1, dadurch gekenn- 
zeichnet, daB als Elektronenakzeptor ein Oxida- 
tionsfarbemittel (25; 31; 41) das mit der Oxidore- 
duktase zusammenwirkt, verwehdet wird. 

10. Biosensor nach Anspruch 9, dadurch 
gekennzeichnet, daB das Oxidationsfarbemittel 
(25; 31; 41), das mit der Oxidoreduktase zusam- 
menwirkt, aus der aus Kaliumferrizyanid, p-Ben- 
zochinon, 2,6-DichIbrophenolindophenol, Methy- 
lenblau, Phenazinmethbsulfat und Kalium (5- 
Naphtochinon-4-sulfonat bestehenden Gruppe 
ausgewahlt wird. 

11. Biosensor nach Anspruch 9, dadurch 
gekennzeichnet, daB die Oxidoreduktase aus Glu- 
koseoxidase besteht und es sich bei dem Elektro- 
nenakzeptor um Kaliumferrizyanid handelt 

12. Biosensor nach Anspruch 6, dadurch 
gekennzeichnet, daft zumindest die Oxidoreduk- 
tase in trockenem Zustahd auf der porosen Mem- 
bran durchgefuhrt wird. 

13. Biosensor nach Anspruch 6, dadurch 
gekennzeichnet, daB die porose Membran (42) 
eineh Po rendu rchmesser von weniger als 3 iim 
aufweist. 

14. Biosensor nach Anspruch 6, dadurch 
gekennzeichnet, daB das porose Substrat zuvor 
mit einem oberflachenaktiven Mittel behandelt 
wurde. 

15. Biosensor nach Anspruch 6, dadurch 
gekennzeichnet, daB ein Antikoagulans auf der 
porosen Membran (42) getragen wird. 

Revindications 

1. Biocapteur destin6 a mesurer la concentra- 
tion de substrat d'un echantillon liquide, compre- 
nant une plaque isolante de substrat (19; 26; 32; 
36) ayant un systeme d'eiectrodes contenant au 
moins une electrode de travail (20; 27; 33; 37) et 
une electrode auxiliaire (21; 28; 34; 38), le sys- 
teme d'eiectrodes etant recouvert d'un substrat 
(23; 29; 39) permeable aux liquides et contenant 
un enzyme (24; 30; 40) capable de provoquer une 
reaction du substrat qui est detectable electrochi- 
miquement a Taide du systeme d'eiectrodes, 
caracteris6 en ce que le substrat (23; 29; 39) est 
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poreux et contient une oxydo reductase (24; 30; 
40), le capteur contenant en outre un accepteur 
d'electrons (25; 31; 41), et I'oxydoreductase et 
I'accepteur d'electrons etant solubles dans 

5 I'echantillon liquide. 

2. Biocapteur selon la revendication 1, caracte- 
rise en ce que I'enzyme (24; 30; 40) et/ou I'accep- 
teur d'electrons (25; 31; 41) est sous forme de 
particules firiement divis6es. 

w 3. Biocapteur selon la revendication 1, caracte- 
rise en ce que le substrat poreux porte a la fois 
I'oxydoreductase (24; 30; 40) et I'accepteur 
d'electrons (25; 31; 41). 

4. Biocapteur selon la revendication 1, caracte- 
15 rise en ce que I'electrode de travail (20; 27; 33; 37) 

contient du platine et I'electrode auxiliaire (21; 28; 
34; 38) contient du platine ou de I'argeht-chlorure 
d'argent. 

5. Biocapteur selon la revehdicatibh 1, caracte- 
20 rise en ce que le systeme d'eiectrodes est com- 
pose d'urie electrode de travail (20; 27; 33; 37), 
d'une electrode auxiliaire (21 ; 28; 34; 38) et d'une 
electrode de reference (22; 35; 43). 

6. Biocapteur selon la revendication 1, caracte- 
25 ris6 en ce que le substrat poreux est une mem- 
brane hydrophile poreuse. 

7. Biocapteur selon la revendication 1, caracte- 
ris6 en ce que I'accepteur d'electrons est I'oxy- 
gene. 

30 8. Biocapteur selon la revendication 1, caracte- 
rise en ce que I'enzyme (24; 30; 40) est choisi 
dans le groupe qui comprend les oxydases de 
glucose, d'alcool, de xanthine et de cholesterol. 

9. Biocapteur selon la revendication 1, caracte- 
35 rise en ce qu'uh colorant oxydant (25; 31; 41) 

travaillant en conjugaison avec I'oxydoreductase 
est utilise comme accepteur d'electrons. 

10. Biocapteur selon la revendication 9, caract6- 
rise en ce qu'un compose selectiorihe dans le 

40 groupe qui comprend le ferricyanure de potas- 
sium, la p-benzoquinone, le 2,6-dichlorbphenol- 
indophenol, le bleu de methylene, le methosul- 
fate de ph^nazine et le 0-naphtoquinone-4-sulfo- 
nate de potassium est choisi comme colorant 

45 oxydant (25; 31; 41) travaillant en conjugaison 
avec I'oxydoreductase. 

11. Biocapteur selon la revendication 9, caracte- 
rise en ce que I'oxydoreductase est la glucosoxy- 
dase et I'accepteur d'electrons est le ferricyanure 

so de potassium. 

12. Biocapteur selon la revendication 6, caracte- 
rise en ce que I'oxydoreductase au moins est 
portee par la membrane poreuse, a I'etat sec. 

13. Biocapteur selon la revendication 6, caracte- 
55 rise en ce que la membrane poreuse (42) a un 

diametre de pores qui ne depasse pas 3 iim. 

14. Biocapteur selon la revendication 6, caract6- 
rise en ce que le substrat poreux a ete prealable- 
ment traite par un agent tensioactif. 

60 15. Biocapteur selon la revendication 6, caracte- 
rise en ce qu'un anticoagulant est porte sur la 
membrane poreuse (42). 
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